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© A method for the production of crystalline substances. 



© The invention relates to a method for increasing 
the bulk density and/or improving the properties and 
handling characteristics of those crystalline sub- 
stances which normally have a low bulk density, 
compare with the crystal density, and poor handling 
characteristics due to their irregular or needle-like 
crystal form. According to the invention such crystals 
are treated ultrasonically as a dispersion or suspen- 
sion in a liquid phase. The original crystals are 
thereby broken down in a mild manner into frag- 
ments which have a more compact form. 
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A METHOD FOR THE PRODUCTION OF CRYSTALLINE SUBSTANCES 



This invention relates to a general method for 
increasing the bulk density of those crystalline sub- 
stances which normally have low bulk density due 
to their irregular or needle-shaped crystal form. 
Such crystalline substances not only exhibit low 
bulk density, but also generally possess poor han- 
dling characteristics because the crystals do not 
pack well together and easily become clogged in 
narrow feed-channels. It is well known that one can 
often increase the bulk density and improve the 
handling characteristics of such substances by a 
conventional milling operation, but such milling 
does not always give the desired result because 
the fracturing of the crystals is rather non-specific. 
In addition to breaking off protruding corners and 
tips from irregularly formed crystals, milling can 
also shatter compact and well-formed crystals into 
smaller pieces, thus reducing any change towards 
a higher bulk density. 

We have now discovered however that irregular 
or needle-shaped crystals can be broken down 
(fractured) in a mild way by ultrasonic treatment. 
According to the discovery, the crystals are ul- 
trasonically treated as a dispersion or suspension 
in a liquid phase, the liquid phase being either the 
mother liquor from which the crystals separated or 
some other inert solvent or liquid system. We have 
been able to show that a liquid phase with a high 
water-content or even pure water is ideal for this 
purpose. The ultrasonic treatment may also be 
performed either after crystallisation is complete or 
even during crystallisation. 

Ultrasonic treatment implies treatment with 
sound having a frequency above that which is 
detectable by the human ear i.e. > 16000-20000Hz. 
According to the discovery, the ultrasonic treatment 
of the dispersion or suspension of the crystals can 
be performed as a batch process, either in an 
ultrasonic bath or in a vessel fitted with a submers- 
ible ultrasonic generator, or as a continuous flow 
process using either an ultrasonic bath as the gen- 
erator or a flow-through ultrasonic cell. 

The duration of the ultrasonic treatment, and 
the frequency and intensity of the radiation can be 
selected by those skilled in the art to achieve the 
desired end result. The process of the fracturing 
process can be followed by particle size analysis of 
samples periodically removed from the system. 

In our studies of the ultrasonic fracturing pro- 
cess we have used an ultrasonic bath, type 
Sonorex RK106S supplied by Bandelin Electronic, 
West Germany, operating at 35kHz. The manufac- 
turers suggest in their advertising literature that 
their ultrasonic baths may be used for disruption of 
biological cells, for producing different types of 



solutions, dispersions and emulsions, and for 
cleaning purposes. Nowhere have we found any 
suggestion that ultrasonic energy might be used in * 
the manner described in the present work. The fact 

5 that ultrasonic treatment according to the invention 
does not produce the desired fracturing when the 
crystals are short and fat or plate-iike, further em- 
phasises the novelty of our invention. 

We have shown for example that impure 

w 2,2',4,4',6,6'-hexanitrostilbene, commonly known as 
HNS I within the explosives industry, which nor- 
mally has a bulk density of 0.35-0.40gcm 2 and 
consists of plate-shaped crystals, is affected rela- 
tively little and in an unpredictable manner by 

15 ultrasonic treatment, while similar treatment of the 
same compound in the form of needle-shaped cry- 
stals after purification and recrystallisation from a 
suitable solvent e.g. N-methylpyrrolidone, common- 
ly known as HNS II. give a significant increase in 

20 the bulk density. For the latter case, fig 1 and 2 
demonstrate how the original needle-shaped cry- 
stals (fig 1) are broken down to prismatic crystals 
(fig 2) with significantly reduced length to bredth 
ratio. Fig 1 shows an electron-microscope picture 

25 at 200 times magnification of recrystallised HNS, 
while fig 2 shows the same crystals at the same 
magnification after ultrasonic treatment according 
to the invention. 

The method according to the invention has 

30 been defined in the following patent claims, and 
will now be further described by examples, of 
which examples 5 and 6 show that plate-shaped 
crystals cannot be advantageously affected by 
treatment according to the invention. 

35 The bulk densities were measured according to 

DIN 53 194. 



Example 1_ 

40 

Hexanitrostilbene (300g), which had been re- 
crystallised from N-methylpyrrolidone with addition 
of chlorobenzene during crystallisation in order to 
reduce the solubility, and which had bulk density * 

45 0.44gcm 3 and volume mean diameter (VMD) 
193um, was suspended in 6% methanol in water 
(3500m!) and treated ultrasonically (Sonorex 
RK106S, 35kHz) with mechanical stirring during 1h. 
The solid was then filtered off and dried. The bulk 

so density was 0.88gcm 3 and the VMD 30um. 
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Example 2 

Hexanitrostilbene (304g) was dissolved in N- 
methylpyrrolidone (1750ml) at 125°. Chioroben- 
zene (1750ml) was then added with mechanical 
stirring during 50min whilst keeping the tempera- 
ture at 125°. After cooling, the suspension was 
transfered to a beaker placed in an ultrasonic bath 
and the suspension was treated ultrasonically with 
mechanical stirring during 2h. The solid was then 
filtered off, was washed with methanol (2X) and 3% 
methanol in water (3 X ), and then dried. Yield: 264g 
(87%). The bulk density was 0.95gcm 3 and the 
VMD 44um. 



Example 3 

Hexanitrostilbene (9.0g) was dissolved in 
dimethylformamide (DMF, 150ml) at 100°C. The 
recrystallisation flask was transfered to an ultra- 
sonic bath filled with boiling water. With moderate 
mechanical stirring of the solution, PhCl (150ml) 
was added during 35min. The temperature at the 
end of the addition was 65° C. The ultrasonic bath 
was operated throughout the addition and subse- 
quent cooling to 20°C. The solid was filtered off, 
was washed with water and then dried. Yield: 8.1 g 
(90%). The bulk density was 0.78gcm 3 and the 
VMD 31 urn. 



Example 4 

Benzoic acid (100g), which had been recrystal- 
lised from acetone and petroleum ether, and which 
had bulk density 0.46gcm 3 and VMD >35um, was 
suspended in water saturated with benzoic acid 
(600ml) and treated ultrasonically, in the same ap- 
paratus as the above examples, for 1h. The soiid 
was filtered off and dried. The final product had 
bulk density 0.76gcm 3 and VMD 147um. 

In a control experiment, in which the ultrasonic 
generator was left switched off, the resulting ben- 
zoic acid had the same bulk density and VMD as 
the starting material. 



Example 5 

HNS I (110), which had bulk density 0.42gcm 3 
and VMD 47um, was suspended in 3% methanol 
in water (3000ml) and treated ultrasonically during 
1.5h. The solid was filtered off and dried. Yield: 
I06g. The bulk density was 0.47gcm 3 and VMD * 
10um. 



Example 6 

HNS I was treated as in Example 5, but only 
for 5min. The product had bulk density 0.37gcm 3 
5 and VMD 24um. 

The products from Examples 5 and 6 were 
difficult to filter off and caused severe electrostatic 
problems when dry. 

to 

Claims 

1. A method for increasing the bulk density of 
those crystalline substances which have a low bulk 

15 density, compared to the crystal density, due to the 
crystals being irregular and needle-like, comprising 
ultrasonic treatment of a liquid dispersion or sus- 
pension of the crystals in order to break down the 
original crystals into fragments having a more com- 

20 pact form. 

2. A method according to claim 1 in which the 
ultrasonic treatment is performed after crystallisa- 
tion is complete. 

3. A method according to claim 1 in which the 
25 ultrasonic treatment is performed during the 

crystallisation process. 

4. A method according to one or more of 
claims 1-3 in which the ultrasonic treatment is 
performed with the crystals still dispersed in the 

30 mother liquor from which they have crystallised. 

5. A method according to one or more of 
claims 1 and 2 in which the ultrasonic treatment is 
performed while the crystals are dispersed or sus- 
pended in a chemically inert liquid. 

35 6. A method according to claim 5 in which the 

ultrasonic treatment is performed while the crystals 
are dispersed or suspended in an inert liquid sys- 
tem which consists partially or completely of water. 
7. A method according to one or more of 

40 claims 1-6 in which the ultrasonic treatment is 
performed either in an ultrasonic bath or in a vessel 
fitted with a submersible ultrasonic generator, con- 
taining a dispersion or suspension of the crystalline 
substance. 

45 8. A method according to one or more of 

claims 1-6 in which the ultrasonic treatment is 
performed in a flow-through ultrasonic cell, through 
which a dispersion or suspension of the crystalline 
substance is pumped. 

so 9. A method according to one or more of the 

above claims in which the ultrasonic treatment is 
performed in order to improve the properties and 
handling characteristics of the crystalline sub- 
stance. 
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